The synthesis and reactivity of propargylic and allylic trifluoromethanesulfinates under various conditions has been investigated. Propargylic esters readily undergo [2,3]-sigmatropic rearrangement to the corresponding allenyl trifluoromethyl sulfones, even under solvolytic conditions. An unusually facile nucleophilic addition of the solvent to the allenyl sulfone under the latter conditions has also been observed. On the other hand, the reactivity of allylic esters strongly depends on substitution. Thus, while cinnamyl triflinate reacts by an ionic mechanism, the corresponding α-methylallyl ester reacts by a concerted pathway.
Introduction
The [2, 3] -sigmatropic rearrangement of allylic arenesulfinates to allylic aryl sulfones (eq. 2) discovered by us over three decades ago, 1a was subsequently used as a model for the analogous rearrangement of allylic sulfenates to sulfoxides (eq. 1), 1b as well as for the related rearrangements of propargylic sulfenates 1c and sulfinates 1d to allenic sulfoxides and sulfones, respectively (eqs. 3, 4) . Detailed mechanistic studies have shown that all four rearrangements proceed by a concerted mechanism. Due to their high stereoselectivity and efficiency, these rearrangements have found extensive application in organic synthesis since their publication.
2
The reversible allylic sulfenate-sulfoxide interconversion, also known as the Mislow-BravermanEvans rearrangement, 3 has been of particular interest in this respect. More recently, we have shown that benzylic trichloro 4a and trifluoromethanesulfinates 4b exhibit some unique features. Thus, in contrast to benzyl arenesulfinates which undergo solvolysis with exclusive S-O bond fission, these esters undergo solvolysis with exclusive C-O bond fission, and with a rate enhancement by a factor of 6-powers of ten, comparable with benzyl tosylates. Similarly, unlike benzyl arenesulfinates, 4c these esters undergo a facile rearrangement to sulfones on heating in polar nonhydroxylic solvents. The unusually high reactivity of these trihalomethanesulfinates has been explained by the enhanced leaving group ability of the corresponding anion, which in turn can be explained by the considerable difference in pKa values of ArSO 2 H (pKa = 2.7) and CF 3 SO 2 H (pKa = -0.6). 4d Prompted by these results, we became interested in the behavior of propargylic trifluoromethanesulfinates (triflinates) in order to test the effect of the CF 3 group on the mechanism of rearrangement. In addition, we were interested in the preparation of some allenic trifluoromethyl sulfones (triflones) which might exhibit high reactivity in nucleophilic addition. The latter is of considerable interest with regard to recent studies on the DNA-cleaving ability of various enediyne models. Klunder and Sharpless 6 for the preparation of various menthyl sulfinates. This method involves the reaction of alcohol with CF 3 S(O)Cl generated in situ by reduction of the corresponding sulfonyl chloride with trimethyl phosphite (eq. 5). However, in our hands, this method was only successful after several modifications, 7 such as lowering the temperature to -20 0 C, shortening the time to minimum, and reducing the amount of (MeO) 3 P from two to one equivalent. Thus, several different propargylic triflinates have been prepared in good yields (eq. 5). 
2a-d
Interestingly, and unlike the other triflinates prepared, α-methyl-α-phenylpropargyl triflinate 2d could not be isolated because of spontaneous rearrangement to γ-methyl-γ-phenylallenyl triflone, indicating a full acetylene-allene isomerization, as expected from a concerted [2, 3] sigmatropic shift (eq. 4).
To study the reactivity of the new triflinates, we first examined their behavior under nonsolvolytic conditions. We have thus found that similar to the previous case, α,α-dimethyland α-ethyl-α-methylpropargyl triflinates (2b and 2c respectively) also readily and exclusively undergo rearrangement to the corresponding γ,γ-dialkylallenyl triflones (3b,c eq. 6). 
3a-c
Interestingly, the rate of rearrangement of α,α-dimethylpropargyl triflinate in acetonitrile at 40 0 C (k=2x10 -5 sec -1 ) is twice as rapid as in chloroform (k=9x10 -6 sec -1 ). This result is similar to the one found for propargyl arenesulfinates. 1d The low sensitivity to solvent ionizing power may be used as evidence for a concerted [2, 3] -sigmatropic shift for the rearrangement. Similarly, the exclusive rearrangement of these esters to allenic products may also be used as evidence for such a mechanism. Interestingly, a comparison of the reactivity of α,α-dimethylpropargyl triflinate 2b and benzenesulfinate 1d shows that the former is faster by a factor of ca. 5. In fact, the decreased nucleophilicity of the sulfur atom in the triflinate might be expected to decrease the rate of a concerted rearrangement. However, since precisely the same shift also involves cleavage of a better leaving group in the transition state, this may compensate in the opposite direction. For comparison, substitution of the aryl group by a trichloromethyl group in the case of benzylic sulfinates results in a much higher rate enhancement, for both solvolysis and rearrangement to sulfone, which proceed by an ionic mechanism. 4a-c A different behavior has been observed with the secondary α-methylpropargyl triflinate 2a. We have found that heating this ester in acetonitrile for 2 months at 60 0 C over CaCO 3 afforded a mixture of γ-methylallenyl and γ-methylpropargyl triflones in the ratio of 1:2. In contrast to this result, in the absence of the base, only the first product (3a) was obtained. The conversion of the latter to the other isomer can be explained by a base catalyzed prototropic shift, as shown in eq. 7.
This result is quite similar to the one observed previously with γ-methylallenyl phenyl sulfone in the presence of 2,6-lutidine, but not of CaCO 3 , indicating that the latter is not basic enough to deprotonate the allenyl phenyl sulfone. This observation may reflect the relative acidities of the two allenyl sulfones. Our observations are also consistent with the thermodynamic data, which indicate that a nonterminal acetylene is more stable than an isomeric nonterminal allene by 1.0 Kcal/mole.
1d The formation of γ-methylallenyl triflone as the sole product is consistent with the results obtained with the α,α-disubstituted propargylic triflinates described above.
Prompted by these results, we decided to investigate the behavior of the new esters under solvolytic conditions. Surprisingly, heating of 2b for 5h at 60 0 C in ethanol yielded β-ethoxy-γ,γ-dimethylallyl triflone (5b, 65% yield, eq. 8). Similarly, reaction of 2c under the same conditions yielded β-ethoxy-γ-ethyl-γ-methylallyl triflone 5c. The latter product was obtained as a mixture of two diasterioisomers, Z and E in the ratio of 1:1.1. The formation of these unexpected products can be explained by rearrangement of the propargylic triflinates to allenic triflones and subsequent nucleophilic addition of ethanol to the allenic β-carbon.
3b,c 5b,5c:E+Z
This explanation is supported by the observation that when γ-methyl-γ-phenylallenyl triflone 3d was tested under the same conditions, the corresponding product of nucleophilic addition 5d was obtained, again as a mixture of Z and E diasterioisomers in the ratio of 1:1.5 (eq. 9).
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1d These esters rearranged to the corresponding allenic aryl sulfones almost exclusively even under solvolytic conditions. The unusual nucleophilic addition of ethanol to allenyl triflones can be explained by a higher electrophilicity of the allenic group in triflones comparable to aryl sulfones. It is interesting to note that the addition of alcohols to allenyl aryl sulfones occurs only under more drastic conditions such as in the presence of NaH. 8 Our results are of particular significance with regard to the recent interest in the DNA -cleaving ability of allenyl sulfones.
5
In conclusion, and in light of the evidence presented above, we suggest that the rearrangement of propargylic triflinates proceeds by a concerted [2,3]-sigmatropic mechanism, even under solvolytic conditions.
(b) Allylic triflinates
Prompted by the results described above, we decided to investigate the behavior of the allylic triflinates as well. These compounds were briefly investigated by Hendrickson and Skipper, only under nonsolvolytic conditions. 9 These workers reported that the rearrangement of both α-and γ-propylallyl triflinates on heating in acetonitrile yields the same sulfone, γ-propylallyl triflone. The lack of allylic rearrangement in the latter case may be explained by an ionization mechanism, which is facilitated by the better leaving-group ability of the triflinate anion, as compared with the arenesulfinate anion. Alternatively, the ionization mechanism may be a consequence of the unbuffered conditions in which these reactions were performed. 9 Thus, several different allylic triflinates have been prepared in good yields (eq. 10) using the same method as for preparation of propargylic derivatives. 
7a-c
Unlike the propargylic derivatives, the allylic esters exhibited different behavior, and therefore we will discuss each one separately. We first tested the reactivity of cinnamyl triflinate 7a under nonsolvolytic conditions. In sharp contrast to allylic arenesulfinates which undergo rearrangement to sulfones with complete inversion of the allyl group (eq. 2), 1a the rearrangement of cinnamyl triflinate led to a mixture of three triflone products 8, 9 and 10 in the ratio of 1:2.4:2.9 (eq. 11). These results are suggestive of an ionization mechanism. Additional evidence for the ionic mechanism is based on kinetic data. For example, while rearrangement of cinnamyl 2,6-dimethylbenzenesulfinates to the corresponding α-phenylallyl sulfone in CH 3 Next, we decided to test the reactivity of this ester under solvolytic conditions. Interestingly, the reaction of cinnamyl triflinate in dry ethanol in the presence of two equivalents of 2,6-lutidine was spontaneous and a mixture of five products was obtained (eq. 12). Two main products (87%) were obtained in the ratio of 1:1 and were identified as ethers 11 and 12. Three minor products were triflones 8, 9 and 10 (13%). We believe that the evidence presented above is consistent with an ionization mechanism for both rearrangement and solvolysis reactions, resulting from the powerful leaving-group ability of the CF 3 SO 2 -anion, similar to the tosylate anion. 4b For a better understanding of the reactivity of allylic triflinates we decided to investigate the reactivity of another derivative, α-methylallyl triflinate 7b. Surprisingly, and in contrast to cinnamyl triflinate, this ester underwent rearrangement to crotyl triflone 13 even under solvolytic conditions (eq. 13). In view of the mentioned above results, which were consistent with the reactivity of α-methylallyl 2,6- Next, we prepared and examined the reactivity of α,α-dimethylallyl triflinate 7c. Consistent with the higher stability of the corresponding carbocation, this ester rearranged spontaneously to a mixture of both γ,γ-and α,α-dimethylallyl triflones 14 and 15 in the ratio of 3.3:1 respectively during preparation (overall yield is 60%) (eq. 14). In conclusion, and in the light of the evidences presented above, it is suggested that the mechanism of the rearrangement of allylic triflinates to allylic triflones is strongly dependent on substitution. Thus, cinnamyl and α,α-dimethylallyl triflinates undergo both rearrangement and solvolysis reactions by an ionic mechanism. In contrast, α-methylallyl triflinate undergoes rearrangement to crotyl triflones by a concerted [2, 3] -sigmatropic mechanism even under solvolytic conditions. Although initiated by a mechanistic interest, the present work presents a route to highly active and synthetically useful allylic and allenic sulfones.
Experimental Section
General procedure for preparation of propargylic triflinates 2a-d and allylic triflinates 7a-c (triflinates 2d and 7c have not been isolated due to their rearrangement to the corresponding triflones 3d and a mixture of 14 and 15 respectively).
To a cooled (-20 o C) solution of the appropriate alcohol (3 mmol) and trifluoromethanesulfonyl chloride (3.75 mmol) in 10 ml of dry ether, under a nitrogen atmosphere, were added simultaneously with stirring triethylamine (3.75 mmol) and trimethyl phosphite (3.75 mmol). After further stirring for two hours at this temperature and another 20 min. at room temperature the reaction mixture was washed consecutively with water, 3% aqueous HCl, 5% aqueous NaHCO 3 , and water again. After drying over anhydrous MgSO 4 and removal of the solvent the product was obtained as a viscous liquid. Due to high volatility of some products, the solvent was removed at 0 0 C.
α-Methylpropargyl triflinate (2a).
A mixture of two diastereoisomers in the ratio of 1:1.4
(yield 70% 
